A B S T RA CT The intestinal absorption of sodium taurocholate was studied in the near-term fetal and neonatal dog. Absorption rates were measured in vivo in isolated loops of fetal jejunum and ileum. Absorption was also measured in vitro in everted sacs and rings of fetal and neonatal jejunum and ileum.
INTRODUCTION
The enterohepatic circulation of bile salts has been studied in adults of different species (1) (2) (3) . It is well established that bile salts are synthesized and conjugated in the liver, secreted into bile, concentrated in the gall bladder, and then discharged into the intestine. Conjugated bile salts are sparingly absorbed from the jejunum, but active, carriermediated absorption is demonstrable in the ileum. Absorbed bile salts are cleared from the portal blood by the liver and resecreted in bile. Thtus, the enterohepatic circulation provides an efficient mechanism for the conservation and reutilization of bile salt.
Although other aspects of the fetal synthesis and utilization of bile salt have been studied (4) (5) (6) , fetal intestinal bile salt absorption has not previously been investigated. In the present study, the fetal intestinal absorption of taurocholate was examined in vivo and in vitro. Active ileal transport was not demonstrable in the fetuLs and did not develop until at least 2 wk after birth. 
Surgical preparation offetuses
Experiments were carried out in fetuses from pregnant pedigree beagles 1-3-yr old between the 56th and 58th day of pregnancy (total period of gestation, 63 days). All animals were worm-free and vaccinated against canine distemper and hepatitis. The mother was anesthetized with thiamylal sodium intravenously, and anesthesia was maintained with a halothane-oxygen mixture in a nonrebreathing system using an intermittent positive pressure respirator. Maternal temperature was monitored throughout the study and was maintained at 36±+1C. A midline laparotomy was performed, and a portion of the uterus containing a suitably positioned fetus was exposed. Electrocardiographic leads were implanted through the uterine wall in two forelegs and one hindleg of the fetus (7) .
In all in vivo experiments (FD1,18),' a cannula was placed in the fetal common bile duct (4, 5) through a "marsupializing" incision in the right subcostal region as previously described (8) . In whole gut instillation experiments (FD1_3), a polyvinyl catheter (OD, 0.023 inches; ID, 0.011 inches) was placed in the small bowel at the duodeno-jejunal flexure, and the lumen was tied off proximally. The bowel was left otherwise intact. In segmental instillation experiments (FD4-11), jejunum and ileum were identified, and approximately 10 cm of either proximal jejunum or distal ileum was isolated from the rest of the bowel, keeping the vascular supply of the isolated segment intact. The distal end of the segment was tied off and the proximal end was cannulated (polyvinyl catheter, OD, 0.023 inches; ID, 0.011 inches). In perfusion experiments (FD12_18), 10-cm jejunal and ileal segments were isolated and cannulated proximally as above. A second catheter (OD, 0.125 inches; ID, 0.078 inches) was placed distally to allow circulation of the perfusing fluid. In all experiments, fetal and maternal incisions were subsequently closed, and the fetus was released from its attachment to the uterus and left free within the amniotic space.
In in vitro experiments (FD19_32, ND_112), the fetal or neonatal gut was exposed through an extended right subcostal incision. The small bowel was filled in situ with iced Krebs-Ringer phosphate buffer, stripped from its mesentery, and then removed. The lumen was flushed clean with additional buffer and the proximal 10 10 ,000-20,000 dpm/ml (mucosal side). Sacs were incubated in stoppered 50-ml Erlenmeyer flasks at 37°C in a shaking water bath for 1 h in an atmosphere of 95% oxygen-5% carbon dioxide which had been bubbled through the incubating medium just before the incubation. After 1 h, the sacs were blotted dry, fluid from the serosal compartment was collected, and the volume was measured. Fluid contained within the sacs (serosal fluid) and incubation fluid (musocal fluid) were assayed for radioactivity and glucose concentra-1010 4 ,000) as a marker of extracellular fluid. The flasks were gassed for 1 min with 95% oxygen-5% carbon dioxide, stoppered, and then incubated at 37°C in a shaking water bath for 1 h. After 1 h, the rings were rinsed in fresh buffer and blotted dry. Tissues and incubation fluid samples were kept frozen for later analysis.
Analytical procedures
Radioactivity in bile and other fluids was assayed in a Packard Tri-Carb liquid scintillation spectrometer (Packard Instrument Co., Inc., Downers Grove, Ill.) as previously described (11) . Fetal intestinal tissue, adult intestinal mucosa, and other solid tissues were homogenized and counted either directly in a xylene-based solubilizer cocktail or, after digestion, in a standard toluene-based cocktail. Bile samples were subjected to thin-layer chromatography to characterize the radioactive components of bile. These were assayed for radiolabel as previously described (4). Polyethylene glycol was measured in the perfusing fluid spectrophotometrically (12) . Glucose concentrations were measured using glucose oxidase (13 (Table  I) . Total recovery of radioactivity was 86.1-97.9%. Fig. 1 shows the cumulative micromoles of taurocholate absorbed from the gut and excreted in bile over a 3-5-h period (total excreted, 0.814-0.848 ,umol). The mean absorption rate calculated from the slope of the linear portion of the curve was 0.468 (range, 0.263-0.574) ,umollh (Table II) (Table  III) .
Absorption rate is plotted against perfusate concentration in Fig. 4 . In all but one instance (FD16, ileal perfusion), both jejunal and ileal absorption rates increased linearly with increasing perfusion con-TIME (h) TIME (h) TIME (h) (Table IV) .
Experiments on neonatal dogs, NDI12. Everted rings were prepared from the proximal jejunum and terminal ileum of newborn puppies, age 1-5 wk, and taurocholate absorption was measured as described above. As shown in Table IV , mucosal/incubation medium ratios were less than unity at 1 wk of age. Values in excess of unity were obtained at 2 wk of age in two out of four studies. At 5 wk, all values of the mucosal-incubation medium ratios were in excess of unity, and the concentration mechanism appeared to have reached adult levels. (1) . In the present study of the dog fetus, when 1 mM taurocholate was instilled into closed jejunal and ileal sacs with blood supply intact, the mean maximal absorption rate equalled O.282 +0.026 and 0.347±0.051 umol/h per 10-cm segment jejunum and ileum, respectively. Although the ileal absorption rate was greater, the difference was not statistically different (P >-0.2). Similarly, when open jejunal and ileal segments were perfused with two concentrations of taurocholate (0.4 and 1.0 mM), the mean rates of taurocholate absorption were nearly identical for the two segments. At the highest concentration studied (4.0 mM), jejunal absorption actually exceeded ileal absorption. Previous studies using comparable techniques in dogs (16) and other species (17) have shown ileal-jejunal differences of 6-to 30-fold. The results of the present study thus show that the fetal ileal absorptive mechanism is de-fective. This view is confirmed by the finding that, in all fetal studies but one, incremental increases in perfusion concentration in any given segment produced linear increases in absorption rate. The absence of any suggestion of saturation kinetics (18) confirms the hypothesis that jejunal and ileal absorption were by passive mechanisms, although a mechanism saturated at concentrations below those examined in vivo cannot be excluded.
The absorption of taurocholate was studied in adult and fetal everted gut rings and sacs (19, 20 Thtus, the ileal mechanism for active bile salt transport is not demonstrable in the near-term fetal dog, althouigh bile salt is passively absorbed from both fetal jejtuntum and ileuim. An enterohepatic circulation of bile salt is directly demonstrable in the dog. With the limited movement of luminal contents along the fetal intestine and the ready absorption of bile salts proximally in the jejunum, it seems likely that fetal ileal absorption is largely bypassed and, in comparison with the adult pathway, the fetal enterohepatic circulation is "short-circuited."
The mechanism of passive absorption from the fetal small bowel remains a matter for spectulation. As noted above, passive ionic difftision would be the predicted mechanism if tauirocholate were absorbed intact. Althouigh lutminal deconjtugation of taurocholate to cholate and passive nonionic diffusion of cholate is not ruiled ouit in these stutdies, the fetal dog intestine is bacteria free, there was no measturable cholate in the ltminal content, and absorption commenced rapidly, all of which militate against this mechanism.
Finally, the broader implications of the stuidy shouild be entertained. Althouigh extrapolations from the dog to humans should be made with caution, the possibility exists that a similar transport defect may be present in newborn infants. It has only recently come to be appreciated that, especially in premature infants, bile salt pool size, synthesis rate, turnover, and luminal concentration are grossly deficient (21, 22) , and that these defects, along with defects in pancreatic function, contribute to the development of malabsorption and steatorrhea in neonates fed formula diets (23, 24) . To complete this picture so that rational management of neonatal nutrition can be instituted, it is now a matter of high priority to establish whether a comparable failure of maturation of intestinal bile salt transport is present in normal and premature infants. Jejunal absorption of bile salt might lower the concentration available proximally, whereas the absence of active ileal transport might permit wastage of that fraction available distally. Failure of intestinal maturation could be an additional contributory factor leading to neonatal malabsorption of fat.
